The current descriptions of the genus Leptospira Noguchi and the species L. interrogans and L . bifexa ) are inadequate and out of date. On behalf of the members of the Subcommittee on the Taxonomy of Leptospiru of the International Committee on Systematic Bacteriology, amended descriptions of these taxa are presented.
Definition of the genus Leptospira Noguchi 1917,755 (4). (Lep.to.spi'ra. Gr. adj. leptos thin, narrow, fine; Gr. n. spira a coil; M.L. fem.n. Leptospiru a fine coil.) Flexible, helicoidal organisms which are usually 6 to 20 pm long and about 0.1 pm in diameter. The coils have an amplitude of about 0.1 to 0.15 pm and a wavelength (pitch) of about 0.5 pm. In liquid milieux, one or both ends are usually hooked or bent, but either one or both ends may become straightened temporarily. In some cultures the majority or all of the cells regularly have straight ends which have not been observed to become hooked. The organism is not visible by ordinary bright-field microscopy, but it is observed clearly by dark-field illumination and phase-contrast microscopy. The cells are not easily visualized after staining by aniline dyes, but they can be demonstrated by silver deposition techniques and by other special staining methods (e.g., Giemsa).
Leptospiru cells consist of a helicoidal protoplasmic cylinder delineated by a cytoplasmic membrane-peptidoglycan complex. An external membrane envelops the whole organism. There are two flagella ("axial filaments"), which are inserted subterminally at opposite ends of the protoplasmic cylinder. The flagella are located between the cytoplasmic membrane-peptidoglycan complex and the outer enveloping membrane. Each flagellum is inserted by a basal body and is intertwined with the protoplasmic cylinder; the free ends are directed toward the middle region of the organism, where they do not usually overlap. In all species except L . illini the basal bodies of the flagella are similar to those of other gram-negative bacteria; in L . illini the basal bodies are similar to those of gram-positive bacteria.
Nuclear material, ribosomes, and mesosomes can be differentiated in the protoplasmic cylin-der. With the exception of L. illini, the guanineplus-cytosine contents of the deoxyribonucleic acids (DNA) of the strains tested range from 35.3 to 41 mol%; the guanine-plus-cytosine content of L . illini DNA is 53 mol%. Leptospires contain catalase or peroxidase or both, as well as esterase, and they have diaminopimelic acid in their cell walls and o-methyl-mannose.
In liquid milieux, the characteristic movements appear to be alternating rotation around the long axis and translation without polar differentiation; dividing cells often flex sharply and vigorously at the point of impending division. In semisolid milieux, flexion, boring, and serpentine movements also occur. Leptospires can pass through membrane filters of 0.2-pm average pore diameter and readily migrate through 1 .O% agar gels.
Leptospires are chemoorganotrophs and can usually be cultivated in media containing serum, serum albumin, or long-chain fatty acids (14 carbons or more) as a major source of carbon and energy. Most strains can be cultivated in protein-free medium. Leptospires are aerobic and microaerophilic. They can utilize inorganic ammonium salts but not amino acids as their major source of nitrogen. Purines but not pyrimidines are utilized. Thiamine (vitamin B,) and cyanocobalamine (vitamin BIZ) are required for growth.
Growth occurs optimally at pH 7.2 to 7.6 (range, pH 6.8 to 7.8) and at temperatures above 13"C, optimally at 28 to 30°C. Exposure to 40°C or higher is deleterious. The generation time in media is about 7 to 16 h. The incubation period for optimum growth is usually 6 to 14 days but may range from a few days to 4 weeks or longer. When cells are grown in tubes containing semisolid medium, one or more characteristic flat disks of growth are formed 1 to 3 cm below the surface. In soft agar medium in plates (1.0% agar), diffuse to discrete subsurface colonies are produced. In fluid medium, growth is faintly turbid and characteristically birefringent.
The genus includes strains which are parasitic and strains which are free living. Some strains may be pathogenic for humans or various other animal species.
Type species: Leptospira interrogans (Stimson 1907) Wenyon 1926 Wenyon , 1281 .
Description of the species of the genus Leptospiru. (i) Leptospira interrogans (Stimson 1907 Inada, Ido, Hoki, Kaneko, and Ito 1916, 379 [3] ; Spirochaeta icterogenes Uhlenhuth and Fromme 1916, 438 [9] ; Leptospira icteroides Noguchi 1919, 581 [6] .) (in. ter' ro.gans. M.L. part. adj. interrogans interrogation, here meaning shaped like a question mark.) The morphological, cultural, and physiological characteristics are generally those of the genus Leptospira.
Cytochrome enzymes, catalase, peroxidase, enzymes of the citric acid cycle, glycolytic, and pentose pathways, and an acyl coenzyme A dehydrogenase for P-oxidation of fatty acids are produced. Cells are usually susceptible to 8azaguanine at a concentration of 250 pg/ml. Some strains of specific serological types produce a hot-cold hemolysin specific for ruminant cells. Lipase is found in some but not all strains.
Serologically heterogeneous, as determined by cross-agglutination and agglutinin absorption tests. The basic taxon is the serovar. Approximately 160 different serovars, assembled into serogroups, have been reported.
Parasitic in humans and animals, manifesting frank to subclinical infections. Produces lethal to subclinical infections in a wide variety of animals. Occurs naturally in a wide variety of mammalian hosts, usually nesting in the kidney, whence cells may be shed in urine.
Genetically, three different groups of parasitic strains have been described on the basis of DNA-DNA annealing tests. Between groups, strains share partial sequences of nucleic acids. The serological relationships do not necessarily correlate with genetic relationships. Genetic groups may contain serologically diverse serovars. However, serologically closely related strains appear to be genetically homologous.
Type strain: Leptospira interrogans serovar icterohaemorrhagiae strain RGA (Uhlenhuth and Fromme 1916,438 [9] ), held at the American Type Culture Collection as ATCC 23581.
(ii) Leptospira bijiexu (Wolbach and Binger 1914) Noguchi 1918,585 (5) . (Spirochaeta bifexa Wolbach and Binger 1914, 23 [ll] ; Leptospira biflexa Noguchi 1918, 585 [5] .) (bi.fle'xa. L. adj. bis twice; L. part adj. flexus bent; M.L. adj.
biJlexus twice bent .) The morphological, cultural, and physiological characteristics are generally those of the genus Leptospira, except that strains can grow at 13°C.
Usually resistant to 8-azaguanine at a concentration of 250 pg/ml. Some strains isolated from seawater are sodium dependent at an Na' concentration of 0.5 M. A hemolysin which acts on erythrocytes containing lecithin (e.g., from rats and mice) may be produced. All strains produce lipase.
Serologically heterogeneous, as determined by cross-agglutination and agglutinin absorption tests. The basic taxon is the serovar. More than 60 different serovars, assembled into serogroups, have been reported.
Genetically, three different groups of strains have been demonstrated on the basis of DNA-DNA annealing tests. Between groups, strains share partial sequences of nucleic acids. No genetic homology exists with strains of L. interrogans.
Strains are commonly found in natural freshwater and tap water and occasionally found in seawater and animals. Not pathogenic in the experimental animals commonly susceptible to L. interrogans.
Type strain: Leptospira bifexa serovar patoc strain Patoc I (isolated from stream water in 1941 [l]), held at the American Type Culture Collection as ATCC 23582.
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